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IV... INVERTER CT... CONTROL DEVICE 

(57) Abstract: A plasma generation power supply apparatus that can be driven with a condition having as high a power factor as 
possible during a maximum rating condition and that can be stably operated at any time even when a making power is varied. The 
plasma generation power supply apparatus comprises a transformer (TR) connected to an AC power supply (PS); a rectifier (RE) 
connected to the transformer (TR); an inverter (IV) connected to the rectifier (RE); a reactor (FL) series inserted in a power line that 
supplies a power from the inverter (IV) to an ozonizer (1); and a control device (CT) for controlling the inverter (IV). The control 
device (CT) causes a current detector (DT) to detect a current flowing into the ozonizer (1), and performs a control such that the 
making power of the ozonizer (1) is kept constant. 
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[0111] 

[0112] 

[0113] 
[0114] 

[0115] 



<9. ^Mim> 

^txi^m(D^mm^m^m^t^^^mm^mrn^. mM(Dmmm^m^h^^^m 

mmco9j}^^n^^ti>^x^^o 

ism-e^-^^iHi^^-fr. ^T^-^/vhfj:^'xm)^^ti^mmmm\z.x-:>x\n]mwc^ 
<io. Mcm!i^^<Di'£h-^^(Dmm^^> 
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[0117] . 0lo^e:^i-R1^?l^(D:^y>^if^^[I^cl^oT^tfem#ti<^{^^o#^c:ov^T 
[0118] |i|iot^^i-:^y^-^^ifozf^, P^^GEtl^x^m^^mp^^y^^Ml^fc^y^m^ 

[0121] f£^. EllO^;l:^oV^T^i. =¥>5/:/r^PBt;i. i^^'^^fiMXY. ^^g:cvdoJ;U?S/jN'fe 
MNV(D3mmi()^^^i-^h(Dtm&\^x\ J;5 (;i=¥-\'2/^raPB{c:{^ ^o^^s 

m\:^Mmmj^(mmia^wcmmit^mm)^^^xh. wcm^m^ir^mm 
[0122] m^. ^^^y:fmm<Di'£h^^Kx<^x. Mcnmwm.)^Ki^^^^^\^x\^ ^^^u^ 
[0123] ii-c% Mcmmwmm^Mcmmii^mmx^hm ^mmxh^, -r^^^^^. wcmmf^ 

[0124] Elllic*DV^-Cfi. ^^-y:/mm(Di-£h^^i()^{i^fj:\^m^(D^^^6^^^BS3lt 
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[0126] :L<Dx^tf:Mcmmwnm(7)^^^^^]:.tim^K. Mcm<D^mm^t^<Dx^K^^f}^ 

K^\,^xmi2^xxfmi3^m^^x^mir^o 
[0127] iiii25oj:u^^Eii3Ti*. m.m^Mcnm^n)±^xxi^^^y:fm{-mn^nx\^^^m 

[0128] Ell2:j3j;U?|gi3J;i*5V>T{*. ^*X^*xlll|-e;^$tb6#ttftllS41*5j;tJ?S51 

*D j;U?S52/$iS[iIj^(D#'|4^^L'CV 
[0129] #ttft^S42*Dj:U?S52«. Bl3MV^T^egLfc;^m^^^^5^^|^-t■SJ^^(^. 

m\imf±(Dm^mi^^mmtmm^Atmx.xmvtih<D Km ^ bT*5«9 . mi 2*5 

[0130] -^LT. |2|12t;i:JoJt'5#ttft^S42}i, |l|3^C:^oV^-C^bfcf =fl. d=0. 6(DJ;5 

xi^f£<cik^tf£<^x. Mcmmm^^^^^'^tim^^^i^x^ 

[0131] mi3K^i1r^W\^^BS52n^ |l|3iC:}3V^T^Lfcf =£2, d=0. 4cDj;5^ce 

[0132] B|12^^^$tI.§#ttft^S41:^oj;^/S42(^doV^-C. |^#CD3g.'^^ll]f^.«^^Lfc# 
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[0134] :l(dx^k. mi2K^^ti^c^^(Dii^mit^^'&^j:^-mx-h^^t^m\^. mis 

[0135] t^^^ Ell2*5J;t/|Ell3-ef*. Wii^UX^^^m'i.—m±.KWMLX\^^ibnx\~t 

f^w ^fiu^ wmm^ioo%xwi:<^ WLnj)^^=^m'}^\^x\^^:L}i^mm^. 

«f^ox\^^:z.t^M^ir^o ^(Dx^fmuxh. ^mm^m^^^tiit^ ^:&t^mm 
^n^^t^^nmx^^o 
[0136] *fc. i^Amti^mrir^t. ^-ry':^mKmn^ti^mmm<ts:^<DX\ wcmm 

X^^tm'^^o 

[0137] < 1 1 . ^'mum<DMcW-m > 

^fii£X\ @ mn^Mtsmm\^xm^m:um^^^txWimM.m•^'^^m\m\ 
m-r^^tK^^^xmmx.x^fzj)^^ ^r. wcmMJjtmmmcDmm^^^^xM.w- 

[0138] < 1 1-1 . m^wctf=^—'r^(Dm\M^ > 

. m^mh^^-y^>(<Dmmm\^-:>^^xmn't^o 
[0139] iiii4«. :^y^^4-^^mR%w.Kixm^f\^^. ^.m^xmrn-^ti^mnw-^^^jT 

Mm.^mm\^tLim^m<^mmm^^W'r^mx^^. 
[0140] miAK^^x.^K^ wmMm^wmmKi^^-ir^mm^(DW^nmm.cg,{^(Dm- 
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[0141] —^mK:t:/^4'fxi-i^(DCp<Dmn-ti^K^b^<Mnx^^^\ mx-i-imMcm, 

[0142] */c. BI14(^*DV^-C{i. :7°^X-^<Z)^^-?|^Mt^J;o-C#»^tt^^i-^:7°^XV 

[0143] :ty^^^-^Ki^m^ti^^m^(Dmmi^^<vTMmxi^^ Mm^(DUAmtfPoz 

[0144] [^3] 

Poz=4CgV*f^V0p-|^1 + ^ V *^ ••• ( 3 ) 

[0145] ^(Dm^ (3) ^Tti . PP;!)Pmj£(^t°— ^filvop. M^#:f*5 j;tF^Am;^Poz 

[0146] 5fe(-|Jiegbfc#:^ (1) i-imm^^^ir^^mmmt^i^^^^^^::^. ^XXJ^ 

[0147] ^^-e. -('^^>i5?^;^{i:fe^t^;l^t:^|J*>6v^^i3fe^|J^^^^t^^tL-cv^;5yT^h/^'^Df^i 

^^m\\m)^(D\f—i^mropKm^ir^o 

[0148] t^§oT. (1) . (2) *D J;TJ? (3) ;6^^>VOp*5j;t;?C y ^m^irM^ mmmiOX 
[0149] [#C4] 



Poz=4Cg (V*) ( ^"^"1 (''+"8g~J) ""^^^ 

Cg+Cp- L(2jrf)^ 



[0150] Tfejo, _h|B#:^ (4) Ti*. mMM^S^^#Sj^^S#:i!^5^ifi: (f =fo) Lfc^#-eife 
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[0151] ^(Dm^(4) i-i. h^nmi^Am^PozicMi^x. ^<Dm.tix-<D\m^<D^mm& 

[0152] m g i-tLfi. McmMm^^^i^mnir^s la-t. wc^ (4) ^^hm^^ti^^mm&wc 
[0153] m^(4)t^hmt^M^mmmwa^. \^^ib\'£mMmmm<Drmiw.xh<o. j^r^ 
[0154] wc^{4)^^h. mti^^^'^n(Dm^<D^mmmmm^o ^tL}*-r^^t>-^. 4¥Mcnm 

[0155] [M 

f max= 7 / •" ( 5 ) 

2 :?2ry L C /? 

[0156] IlIj?&(D#^jg«f*fmaxj;«9^>;^;^</c^S^^f*/c^<. ^J^^^tiloV ^-C^>. 
[0157] 7^K. EllMVNT^KL/c:/^vCV^^fflmM^g90(CloV>-r.-r^^^^— ^IV 

[0158] Ell5^;l^3v^Tf^. mmKMmmti (m^kw) i^tt(;ijs^sm(¥^Hz) 

^b^tt^. Sm<^T':=-— T^^i-oV^T^LTV^So d=0. 3, d=0. 5, 

d=0. 6, d=0. 8, d=0. 950J^'^(D#'|4^^LTV>^o 

[0159] fj:^^ 015}*. |g5l;i*Lfcl^Am;t>(DM^m#ti<50i^#i!^#^A;h.#x.-r^ 

[0160] |1|15;5^^>. 'f^—T^^4^^<ir^t^ mmm^^^:d^^M<^^^xn<^t^m^o ^<7) 

(4) xm^ti^ &ms6i m i-^o 
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[0162] ^/c. mMmw^(D±mnm^{5)-vm.^^^^^K mi5K^\^^xi^mms62t 
[0163] fj:^. wcmmtf(D±mi^^mmmKx<>xmtf:^7^^^ 'f^—T^^m±mK±^< 

xm^ ^^^^y^^^^mvfcmmi^itL^xm^ir^o 
[0164] fj:^^ m^^m(Drmmx:h^m^ (4) -e^^^s^ ^-rm^ (4) ^^v-^^^-^^j 

^^<Dm;b—^mm^i-i^tix\^ ^^^tf)^^<. ^(Dm^\^\-i^'pikm)^^'ic'&x^ 
^xh+^M^'^^'&Kumx^^^ittm^xv 
[0165] ^(Dfz.}sb. W'^{4)x^^fi^^msQi^^'&ummm<DTmmtir^K\t. 

[0166] — M^m<?5_hPS^^t-^^ (5) ^xn.. ^ttJ:<9t>ift V ^j^^^-e»jf^$-lir 

[0167] ii}.±Mm\^fi. mm^i^i:.xm2.xmm^fy^h'^^'&mmmm^^m^x.o\z.nmBi 

[0168] <ii-2. «:jg/<e^^f&J#(Dfca6<Dj^cmm;t;^JS^fc<z)|^#> 
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[0169] 016}*. mi5t^:^m^m]^mxh^i>^. ^^5/^^^^^^*^^IB&L-CV^§o miGic 

[0170] mi5^m^^xnmi.fcx^\z., m^Ri^xxj^R2\H^m^x^i^m^^Mc^xxfMM 
m^h^m^irnitm^mia-i^'mfmm^n^^tTi^x^^^K m^i^^mmmmw. 
\Hxh. mm^x-ox^=f(Dmm^^h^o 

[0171] f^^^5fef;ix&-<tbfi. Ell6^^:^3V^Ti:)^-e^i-ft^S60^;l?&oTM^#:*5J;tJ« 

[0172] ftaseof*. ^&mmm<D±^i^ma^i^—mu M^M^m^fiPozoKMi^^ 
mxm;b^mmir^o 

[0173] fj:^^ y^^u—'r^—mtn. ^^—'T^^^<m^t^'^fJ:\ ^(DXi'ifj:<^ m^(D:^^ 

^M^-r^o m;fi<DmMWKi^pwMmm^no^tif)^-(>^<—^xi'i-^mxh^ 

o 

[0174] m^. ^ms60Kr^ofdm^7i^^^mm^tox^mx^^MmK^\^xnmir 

[0175] — mM(Dmm^-^\^^X-h. mM(Dtim^i&rir:5-d^^ y(-^^<—^(D:^^^y^:y 
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[0176] mmm^ (on«^) J;«9t>;^-r5/^^^^«^^5^Hae^-efe§ j;5^ce^^ 

[0177] E|17*5j;t;?|gi8-ef*, mi5K^:^M^mfs^m^i^(D\H^X\ ^180kW(Dm 
'C<DM.t. 'T=L—y^^d=0. 50D#'|!i^;I:^o^t^J^^^2300Hz-eOD;^^CoV^-C. 

[0178] mi7^xi^mi8(Dmmn}^w^it4>^<—^mtii^<7)h(D-vm. i^tvhmmt 

[0180] — mi7Xi'imj±KMi^xmmm^^j:'omtix^'o. mtim^. fc6v^^^L:ft# 

[0181] ;'3^(D^v^f*. i^^-fbti-r^-^^— i5'(Dm;t^(^¥^#:^^-e(DM^<^^/J^^- 
[0182] ^fi:fD^^:^^^y^>^^m^\^:^-<^y^>^(D^-<V^^X(Dmm^X'^-^^. Ell? 
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'ho 

[0184] fe-c. llll7(D#^^i;^-r5/^^^^^l^^*/J^$<. mis<Dm^\i:^^y^>i^^m^ 

[0185] ^^t\.x. mis(DmMn,m^'M^xnmi7Kit^x'f^--'r^M^^<. ^(dtz.^ 
mmtmm(Di<Lm^j&<^j:ox;fjm^m^ ^t^k ^(Di^^t\^x:^v^i^^m(omM 

[0186] ^(Di:o\z.^ ^msQo\z.f^^fizm^^mu'ir^::-txtim^'^y-r^^(D(D^^>/^ 

—d^X(D:^^y^>^m^\tmUX^^(DX^ W[M(D^'&'mm<. ^^^y^-y^:^^ 
[0187] —'^K'r^^'f=^—'T4\±. mi7X\t.O. S^bf'^S^ ^^bTI^/^t'^— ^-f 

[0188] -r/c^^p-^. ^nxm,Mm\^xmmm:^'&\^. ^(Dmmkxmmir^t^. mm 

mh-^^tEDV.xhnt}—'&mn^nD'ji^-'S:^^^^(Dx\ ^'^—^■-(^mwL'r^'ji^^W: 
ib^-h^o m^x. T^^—'T^^:^hiz.±^<x^^x^ic^m^m<>f^m^muir^^t 

[0190] irfj:ibib. mmia^. fma:>^\^t^m^^mmmxmm^^th. ^tixy)-hi-2mm 
\^^m^mxhmm±. -t^ic^'^^mm'^mxh^o ^(^m^. i&mtimiat. m 
i5x^^ti^m2mmK2{cA^^tKfj:^i)Kmm(Dmmxi^mmmc-t^{c^m 
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[0191] <ll-3. m^Wc^XXfy^^—'T^(DMi^&iJts:mM> 

[0192] is.irnm^Am^^iki^. m^. mi5^xxj^mi6^m\^^xmm\^fc^mmnm 
[0193] ^L-x. mi7^xxfmi8^m\^^xm,mvf:iX^K. ^mmmmmfD^xh. 

[0194] tifdu mm(Dmmxit. MW^'^^'^ti:^mxmw}U :itnmit^vxuAm 

hfi. ^(D—mi^^\^^xmi9^m\^^xnmir:5o 
[0195] iiii9{*, mi5tm^m^m\:^mxh^i!)K ^^5^^:/i/^f*^'•lB&bTv^:5o mi9K 

xm. mmu7!)^hmm.^^mwc<Dmm:>jm^^L^x\^^^o 
[0196] < 1 1-3-1 . mmm-mmm > 

[0197] -r^j^ib-h. *-r. nmi^Am^icMi^x. ^'^mmmm(D^XT'^-T^^m:k 

[0198] ^LT. lll4^fflv^'Cf^0;!bfcJ;5^-:t#-^<^^A«»^v^^iSA«y^^M^L 

m~mx(Dmmxh^o 
[0199] ^(Djjmwmti(DmmMi^pwMt\^^—^mt^4>^<—^(DmM:if^^^m\^^^:i 
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[0200] < 1 1-3-2. v^^—T^—mm^ > 

[0201] ir^j:ibib. ^-f. nmi^Amtumi^x. ^'^mmmm(D^XT'^-'T4^n'm 

[0202] ^LT. ^(T^M^m^m^.'^^bT. MiSm^^MSfii-^'^-e. m;^^:7^-Hv^ 

[0203] ll|4^ffl V ^T^PJbfc:r^X-^^^ffi«^!SigMlOO-ef*. ^J^OSJ&CT^ffl V ^T-r 
X.(mffi$lJ^IeIg&(PHL: Phase Locked Loop)/.e^^^fflV^tb^i^ -^i^^^^^^il^M^ 

[0204] ^(DXo^j::}7mi^. i^Amt}^^^b^<. ^^^(DW^nmmmth-^^^iri^ \ ^miw. 
[0205] mmi^. mK.it^Am;b7()^m:±im^m ^m^. x^^fdifm^<D^m.^i^m 

. nmuA'mti^^Ax^f^<f^oxi.-k% ^(D&^m^i^. m^^icmmwc^mm 
'r^fmx-^^y^>i^^^mm'r^^t^^xt^(DX\m^m^mt^^xmm'r^:^ 

[0206] fj:^. M^#:fmax^_h(DM«}*ffl V >7fev ^ti^xm^mi^ti^K ±mxnm 
ufcj;5(-. mmm(DWcmw<7)mmxhtiu. m^mfma^^mK.xhf^m^.^\\ 

[0207] h-hSAy. m^mfma:i^^mx.^m-^t&.r(Dm^tx\ fc^v g muxmti^ 
±<Dm^t^m(Dm^txmm:ifm:^m^u mx.i^ s mmAm±isi±xi'iy'=L 
-"T^m^cDmrnmrnm. nmi^Am^^mxit. m^mmmcDy'^-y'^mm 
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[0209] < 1 1-3-3. f^—'T^id^um^^^mM > 

[0211] <12. m)±(DW^f2±if\C-D\^^X> 

[0212] #W:^Ci^l^o|l|l2}cl^oV^•r*$;^^Tv^§:/^xv^^Mm^!E^«-ef^. 

[0213] x<oMi^ma^. ^mMMPS7b^hmj±.2oov:h^\^i^4oov<D^mMm^M^m 
mtfi:ox\^^o m-^x4>'^^—^(Dmmmm'iWc^vxm. ^i^^^—^(Dmt}^^h 

[0214] :t:/^^-^^m^-^^^ m^Y(DW^i)^'Ji^^W^(OX\ -T^-^^— ^(D nstiWS^ 

[0215] z.(DXofimm.^^mvx\^^(D\-x. '^-/~i--{m^^im'^'mmi\ — ^(-mkvj^ 
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[0219] ^(D!^^x\ m^it2kvn&(DW.Mmj^^n^^t^^xt. :Lti^]^v^y:^(Dm}^ 

[0220] ^(D^m'mj±:^^:ty^^4'^l\^mm^mm^nfcUT^h/^Fl.^^l.X^ :ty^^4-^ 

[0221] ll|l*5j:U^^H4t^;^i-:7°^XV^^fflmMSM90:Joj:-a^^lOO(Dj;5^^«j?fe^5BTt^ 
ofc^^^. :t-/'i-4^1 (MM-^m) Km^\KUm.^Kfz})T^V;VFl.mM-^mt(D 

^mu-^^m\^^x.:^y^'^4-^i(Dnnm\^m\\ir^w±.^muAi\fx\^^^t(D2 

[0222] ^^X'>'|^^fflmM^©90*3j;tJ?l00(DJ;5'fe«^^5^cDJ:5^cC.'^-e^fiJ 
[0223] #^Jcmi \^7f^-^fl^i.Dfi:^^M(D:}o^Kid\ ^X. -^^^^—^t^^y^^^-^tCDm \^ 
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[0224] :/9:^^m^^nMBW:90^XXfioo^^i~i. m^^KE<Dm^K^)^^TR^n 

[0225] *fc. McmMmi^Mi^xmj^^^'^m^w^mm^nxv^^m^. McMMm^^^h^x 
mmxit. }£^\^xh^m^m(Dm^^^Ay). mmmfj:mimmicxoxm^^mf3^ 

#i^b/ctv ^(DX\ x^mmmfm^mm:A^m^x^^o 

mM^mmir:6^t^mmtl.xnm\.fc7iK ±mm^J:r.m':^9^^hti:HXi^. ikv 

[0227] m^Mf^^:y^^—i^i^m\^^hti^mmR:^4iy^>^m^K-DV ^xmrn-r^o 

— mM}±<^^4-y^>^lM. IGBT (Insulated Gate Bipolar Transistor) 
^^\\Xh^t^tl^o IGBTO#;S^LT. IGBT(DONmffif*^ IGBTfC^jjP^tbT 

v^^mff J-J:e>-r— fe-efe^. i!V>5.'^^^#{f ^tt^o mM)^<Dy^^iy^>^if 

t^MM]^X\^^^o 

[0228] itLf* ^;64t-h. -r^/^— ^(50 |^§p®^;6S/J^$</^;5r ^^^#-e$?5o i<^*^;^x 
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m^^^^{i^^j:\^^t^ *S^sj;«9f^</^§^ t\^^Wm^h^o Wv^mx.i^f^. igbt^^ 
[0231] —WtK-^y'r4-^\mWz(DMm^XWm^fl^(DX^ :ty^^4'fmm(Dfci^(D 

^i^M<Dm^x\-i. ^mMt4:y^<—^t<Dmia-mmm^h^fcn^j:<DX\ 
^(Dm-tmrn^y-c^^ii^^mM^mx^ mti^mKmMnmm^^^o ^<>x^ r 

[0232] — Ell:^3J;^J«|2|4^;I^-r:7°9XV^^ffimM^©90:^oj;^;?l00^;l:^oV^T«.^ 

>'x^— ^iv^^mfi5^<^raf^{*. mmmiE(Dmi^MB^TR7!)^nnhtix\^^o b 
TR(;i. mm<Dm-mt. mm^M^<Dmmt^mt3i:^'^x\^^^^tKti:^o ^(Dtuby 
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[0234] mmmmm^^^i±m^m^^t. Mcm.MM<D^Mcm(Dmi^^}±^(D'^mmmiz. 
[0237] %\c^ nwim:m\:.-^^fzM^\c'^-m^(o^>M.ti {-tfaf^^WLnMti) jo^if (d 

[0240] <12-1. ^;(jp"BrifeSff> 
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||^fitVdrmsf*Vdrms=-^dXVd-e^X.btV§o lllC^^fi:(7)jE?^^(Dt°— i^fjt ( 
-il^^^—^CF) d^tin&hmm^'^^^^-h'O) ^VOiri-^ t . VO = X Vdrms = 
2dXVd. -CfcSo 

[0242] ~^y^~i-4-^(DWMMti \mi^ (3) ^^^x.^>tL. iry^^A^\zJm\^y^'^i^mi:mk 
(*TfB<^m^ (6) -e^x.^tb§o 

[0243] [^6] 

I rms=-™~^ + 4 fCaV*+4fCpVp -"(e) 

[0244] tJ§oT. ¥^6^/cemffio^«9Vdrms{^ , TfEO^^ (7) T*-^X.^)tl^o 
[0245] [#:?] 

\i __Poz_ ^* V / 

Vdrms=-j^ = — V* — (T) 

[0246] mi±K:ta_hif ^M^, ^^y^-fif ^ftVp 

i^SJE^iq^ir^-r^J^^tifeD) i!^ajE?g^(Dt°— i^mjEVO^coit (Vp/VO) 

[0247] [^8] 
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[0248] ^n7f)mM(Dm^wc^mm<D^mm^m^^^'^fcm^i^. :ty'i-4^<Dmm 
[0249] ^^-e. m20K^MKm\i^n^m}^. mMmm^xxfwm±ifm<Dmm^^ir 

[0250] (8) fj^hm^x^ mf3^±ifmMi^:ty^^^-^(Dmm^i^^ir^^mmmm. 
[0251] m20ia^m^AE^^<D}i°—^m}£vo^mt^'^fcm^(Dmi^-±if^M(Dmt 

[0252] ^fc. ig20tC{*|l3ijlE^^cDt°— ^mffV0^^{l::$-1i:fc#'a-(^A#Sm. i-^cC 
^•h'kW^'—^W±.Vp(Dm\^^. Cg/Ca=l. OCDJ^-^^, Cg/Ca=l. ScDJ^-^ 
fcov ^T■?^tv■€;^^#'l4ftJ^S71^o J;U?S72^bT*bTV ^;5o 

[0253] #ttft^S7l*5j;U?S72;6^f:>{*, :^y^~^-rif (Z)M«1^t3:^*P$tLS«i±. irfj:t> 

[0255] Ld^L^(Z)a'^}*iEa«v^t>^#</^§fg[p]fz:fe«9. ^^«t3:||^E3S^(Dt:-^m 
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[0257] ^(Dm^. mu±ifmM(Dmn. yty^4'f<Dmmm<Dm}±tm<ti:io. wcmmm 
[0258] %ox. ^uu^<7)m\kt\^x\t.mj^^x^^^fmw^i^±jiffzjj^^. -r^^^-^(D 
[0259] ^AicD^tt^h. mMfi^i^^^—^(Dmm^w^^\^\±^mm^(Dn%\-m'¥t\^x 

[0262] rti.^>(Z)^#i^t^§5ii:^\ m^Mti^^A^t\.x^ nm(Dw^u±.\f^^)imm^ff 

^^tii^X^^o 

[0263] El4^fflV^-C^Kb/c^^XV^^ffl«ai^gl00-e^*. ^JW^gCT^ffl 

^m'r^:t^/^4-^\mm~'r^^mmmwi^m%\^xm. ^f-. :^Am;^'b'^M 

[0264] m^6^(-f*^ :&#^^^M^*5^9(5Dm;^^^AbfcV^;fc^(^g^(Dfci?). _hx&(D^ 
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[0266] < 12-2. mMmmvo(Dm,mmfs:mm. i3xxfmi^±ifmM(D^mmfi:mm 
> 

[0268] [#:9] 




[0270] u±<Dmm<D'^^, ^mmm^xoxt'<Dn&nm^mi^^±if^^t^^x^^:^^ 
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[0272] m^lE^&<D}l'—^m}±VO^iXmiWyOO^^hmt^^^t. ll|20tCft^S81*5 

[0274] fzLfcu wm(Dx^K. m^iE^m(D\i'—i^m}±voib^:k:^ir^^m^i^mmnti 
[0275] mox^ ^mm£m^iE^^(D}i°—^mj£vo(Dmmi'i. wri&(Dx^ i^miWYo 

[0276] r^-e. m2Uz.m^^^(7)M^<D:ty^^4'f^^mmco':/9:^^'^^^mMMBW:10 

[0277] m2iK^\ >T«. mmK. Mmmwm}±.v*tm^iE^^(D\i'-^m}±.vot(Dit 

us94x^^th^5mmMy^'r4^iz.-D\^^x(Dmi¥w\±^^i^x\^^o t^^. ±m 
#ttftas9i-s94{*. mig$ti.Tv^6:^y^-riF^. ^mm(D^9:^^m^mm 
mmmiooxmmvxnhti^m^x^h^o 

[0278] m2lK^\^^Xn^y^y^^4^(7)mi'^J^^n<4^^h91—95X^L.X^'0s :ty^i-4 
[0279] :^y^-l'if92{i. #ttft^S92(D^^}^ST.'^^>mv^-CV^;5;6S, :^y^^-r 

1F91{*. #ttft^s9l(DftT.'^<^;•9^>^^^Lm;'J^SAi-6i^^M:55fe5fca?). SMS 
ff^iS<LTv>6o ^/c. :^y^-rif95f^:^y^-rif9lJ;^9^>$^)^c:s;^^^Ai-6i&:^ 



wo 2005/094138 39 PCT/JP2004/015362 

[0281] ^/c. :ty-r4-^91, 92, 944oj;t/95(*, m^±. 1^3g(D#m^*Cp^4ffi;^'e^ 
[0282] *fc. :^y^-t-^if93{*. ;^f^^j^«Z)M^*Ca^5^^^^^tV^tV^5#^t^Sfe«9. 

[0283] ^:zx.m22Km^iio)^^y^t\^xm'f-o 

[0284] |l|22(cl:JoV>T«. ^fft(c:#:^(10) l;i^$;h.§##m^»<^gfl^§|35>^*b. 

0)<DmmB^. *fc. itl.t-fc^ofciiL^S102;5S3iftfJ^i^^^b-CV^;5o ^(Dff^JiCD 
1tt:55f^^fBMOO-e$>6o ^f^. Bl21{;i^Lfc5o(D:^i/^^if91— 95(D, 

[0285] inifh(Dmf2±ifmMh^ i-^miWMoo(DmmBx^h^^±iciiLmi^x\^^^)^^ m 
ifmM(Dm.<Dm.mmti:m,m^w.mh^^t7!)^x^^o 

[0287] . ^3tlIE?S^(Dt°-^«i±V0(Dm^W^^«BHi:LTtt. |1|21;0^^>. ^^(9) 

-e^$tl./cV00(D{tt(D^5}•;^^V^L2^t@^^#x.6>^^5o 
[0288] *fc. ^;|3i_htf ^M(D^|ie<JJfef5ffl{* . (10) -e^S$tt§f^^fiiMOO<Df|t 
KMl^X. M00 + 2>M>M00/2, tL-X§:V\ 

[0289] /^:}o. ^±(Dmmxi^^ m-^ (D:ty^4-^^mmir:5timcmwMmcT^^ir^ 
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[0290] < 12-3. mMW^V0t4>-^<—^M}^M)^Vdt(Dm^K^\ ^X > 

[0291] :Lti-^x(Dm^it. m^i^m^^j:jE^mx\ m^(Dm^^^^<^j:\^ ^t\^ ^^w&Km 

[0293] :Lfhh<D^mKx^m^(Dj&m^^ n t-r^t. ^>^<—^(DmBM}±vdn. tib 

(Dm^UDxm^ti^o 
[0294] mw 

v.= -(11) 



[0295] ^^-e. mK.itd=0. 25, t] =lXr]^d=0. 5, *fc. d=0. 8, 77 =0. SG-Ct) 

[0296] irfi:t>-h. l>n ^d>0. 5, ^#x.-rj;v\ 

[0297] ^(Dm^X\ M00 + 2>M>M00/2i:b/c(D-C\ (Dj^^^rHlO^jE 
Vpir-r^-^^— i5^»^miiVd^(DJt*Md(Vp/Vd)(D$5H}*TIBO^^(12)-e^ 

^ti. m.mmfj:mm^mmx^^o 

[0298] [^12] 

V2"(M0 0 + 2 ) >Md> ^MOO -(12) 
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[0299] ^/c. mMM)±VO<Dmm\^. ^ (9) -e^^tL^ft^feVOOcD^^^/^V ^b2^t-efc§ 

f*TIE<D#[^ (13) -e^$;^b^o 
[0300] [^13] 



^ voo>Vd> — Wvoo 



{2 



2^2" 



[0301] -^TbTJi^^. TIE(D#:^(14) 

[0302] mw] 

4 V* V* 



(13) 



1 + 



Cg 



>Vd> 



(14) 



2 1 + 



C p 
C g 



[0303] _bx6bfc^^ (12) ^xxf(i4) x-M'M^ti^mmi^. m.m^tf::ty^4^^(Dm 

[0304] ^^-e. TIB(D^lf;i, m21^XXJ^m22iC^L.±.:ty^^4'^91^95<DW}i¥^W^ 
[0305] [^1] 





91 


92 


93 


94 


95 


ca/cg 


O.T 


0.49 


1 


0.17 


0.67 


cp/cg 


0 


0 


0.63 


0 


0 




2390 


4280 


1600 


2460 


2115 




0.25 


0.25 


2.5 


0.64 


0.2 


^t'J-t-rtfms ( t:~9M ) Vp[v] 


8000 


11000 


53T5 


8407 


10000 




2180 


3840 


634 


2970 


2258 


Md=Vp/Vd 


3.T 


2.8T 


8.47 


2.83 


4.4 
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[0306] fj:^^ ±mmii^. mlg$tvTv^§:^i/■:h-rif^. :^mm(Dy'^y<'^m^mmMm 
[0307] mi (-*5v ^T. Mmmti^m. (w/s) f*. mmm^mm (/cm') t^^A^tt 

:^y^^-rif93{*#^/^«3t^^b, Ca/Cp = 0. 63i!/^oTV^§o 
[0309] i^-e. :ty^^4'^93(DX^f£^4:f(D:ty'-r4-^^m^tU '^M(DBM^MCp^ 
^ntVXm.^^:ty^'r4'f\cmmir^<DX-:htiit^ m^(14) f*$fe{c:ffi^j;i;fe»9. 4 

v*>vd>o. 5v*^bT#«^»^'^*^c^v^?^^^;l-e#So 

[0310] mi(^\nmcm-3nit^ _hfd*5ffl(*2v*>vd>o. 5v*tx^. x^um^fj^mm 
[0312] *fc. ^i^^^>^ij^j;5(-. Mmm^n}±v*(7)im^2kv—4kvxh^^ ^(^m^. m 

LTf*. IGBT (insulated gate bipolar ivmisisiov)ti:}£<D^^m<D'^MW-^^fi^Mi^ 

[0313] fi:^. ^j.±(D^mx\-i. (D:t:/^^-^^^m'r^tLmzi%mmmcT^^'r^ 

:/7XV^^ffimMig©iooMv >fc^J^^bfc^s^ (14) T'^^ti.^^^'^^— 
i5^»i^miiVd(Z)«5Hf*, BliMv >TlftKUfc:/^xv^^fflm^»90(;i^>3i 

[0314] <13. i?^(D«^0i|> 

iftja^^bb-C:}o«9. IkHz— 20kHz(DM^^-e!|g»]$t^§o 
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[0315] :^y'r4-^(DmWim(DMf±4:y^<—^(DMci^^tf:mmc-^\^xm^^^(^m 

[0316] <13-1. 2^<D4:y^<—^y^vi^yi^^^ir^^:y^<i—^> 

[0317] m23ic^ir4>^^—^\cm^Xi'i. m:hn)±(D'^^(Dm}±^^ir^iGBTm^X 

m^^titc4>'^^—i^^^y^ivi^xmv2^. :ty'^4^i(DmmmKML^xm.m 
Kmnvfcmm.^^\^x\ 

[0318] -^L-C. 4lyy<—^:f^^yi^lVl^XXlIV2lC^ti^tim.m'm}±^W^ir^Mm^ 
R.E1^XXIKE2K\^, ^mnMPS^^hmf±^TRl^^VXmf±(D^UW±^m 

'^^n^o ^<Dt^, m)^mTKi(Di^mt2^mtii^mum^mm^nfcmmh9> 
:^^^mi.. 2mM^2mmi^ir^^tx\ im<Dh'7i^:^x2^(Dmm^KEi^xxfR 

E2{z.^)±^m'm}±^w^\^x^ mm^mm^f\^fc2-D(D4^^^<—^ytiynvi^^ 
mv2 icm;h ^mm i^mr^-r^^tT^^ x^^o 

[0319] *fc. S^^REl^oJ;U?RE2/5^^). ^>^<—^Zfn-y:i^lVlioXmV2(D^tl^tl 
[0320] 4:y^<—^y^^y^ivi^xmv2i'i^ ^MMy^^P^XXJ^NcDmi^. -O^^—^l^ 

m^rifcmm^—hm^<4^—yhy:yi^:^^(D2^(Dm^^mm^tix. igbtcd^/v 
•:f')y^jmm^mm^x\ 

[0321] -<ly^<—^y'ny^lYlX\^^ P-N^rslf-. -(i^^<—^mm^tifz.vy> 

V2-e{*. P-N^ra{;i. -f>-^^— i57^^$tbfch^^^v^><>^T21*5j;OT22. h^^-v^;^ 
^T23*3j;OT24^Sia^$tb. V=7iy-J:^^Tll^X.XlTl2a)m.(Dmts/—YmT^ 
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[0323] /^*3, h9>'v?v!Li57Tl 1, T12, T13*5j;OTl4t::{*, ^tt^^ttjS^M^IJt-iJ^V^^— K 
Dll, D12, D13*5j;U?D14;$S^^$tt'C*5i9. W>i^:^^T2U T22, T23*5j;U? 
T24t;i{*, ^tv^tbJS^^^Jlcl^-r:^— KD21, D22, T>23^i:m:>2A^^mW.tfvX 

[0324] E|23(C^-r«^^^gffibfc^^. -^llx-f^. -r^-/^— ^7^n5/i^IVl^oJ;mV2CD-?r 
[0325] h^>i^;^i5^T23:j6j;OT24(D|a(Dt±i>^y— K;5S^^$tb§:^y^-:^^if 1 

XfT22(Dm.(Dmt}7—}^^(Dm}±^liiVtir:^^tti^X-^^o 
[0326] h7>'v';^i57T21*5j;OT22(Z)|§.(Dm;':J/^KCO«i±;55lkV-efc§:^'^, ^ 
v^'n^/i^IVKD^^H^^^NO^fitilkVir/^o-C. ^MM'7^^^P<7)M^l'i2\iVt 

?fe«9. h^>'v^;?^^Tii*5j;OTi2(Dm(^ttJ;^y--KcDmjE^2kv^i-6ri!^s-e#§„ 
[0327] ^<DJ;5f^^ P-Nj^ra(D«ff^:ds^:k:-eikv-efeS<D-e. ^b^>^v?;^^(DBffi^il 

[0328] ^(DX9K. '<>'^<—^^m^'r^hy:yi^:^^Km:fjM)±X^hm}±(Dm^h(D^m 

[0329] /^*5, i57(7:)myfj«^5f£^^^<LfcV^(D-CfetLf^\ M^^(D4>^<—^y^vi^y^ 

v\ 

[0330] <13-2. 4m(D^l^^^—^-^T^iy^^^ir^4>^<—^> 
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[0331] m24\C7^ir4>^<—^icm^Xl'i. lii^mf±(D4^C01(Dm)±^^ir^lGBTm 
'^xm^^iiti4>'^<—^:f^iyi^ivi0, IV20, lV30:Joj;mv40^, ;^-y'^-rif l 

[0332] ^VX, 4^^^<—^':^n^y^W10^ IV20, lY30^iaJW40\Z.^fl^flWMM^^ 
#^l^i-§M^^RE10, RE20, RE30*5iU?RE40f3:}*, ^mMW.^Sf)^hM)^^ 
T^10^^\^Xmi)^(D^mM)^^^^^-^fl^o ^(Dt^^ ^j£^TR10OlMi:2^ 

(Dv^>::^x4^(DmmmcEio-'^4o\z.n)^^mM&^Wi^vx^ m.m\^mm-^ 

flf^4^(D^ly/^—^':fvi^y^lM10—lY40K'm±i^n^^\^Wi^'t^^tt^X^^o 
[0333] ^fc. ^^^fE^RElO— RE40^^^>, 4>^<—^-:^^viy:/W10^lY4Q(D^fh^fh\ZM 

^<ly^C10, C20, C30*5j;TJ?C40;$S^#$tvTV>;5o 
[0334] -(>^<—^y^n^y^W10—lY40\-t. ^«M7-f^P*5j;tJ?N(Z)rHl(-. -f^^-^— 

^$tl.fc^^<5^— hM^W^e^— ^h9^v?>^^(502oCD|i.^Sga^$tLT. IGBT(D:77V 

[0335] ^faio-h. 4:y^^—^-:^xi-y^lY10XU^ V-Nmmz.^ ^>^^—^mm^tlf'h9l^ 

v';^i5^TlOl*5j:OTi02, h9^v^:^^Tl03*D j:OTl04;iS|e^$;jx^ 

n5/i^IV20-e{*. P-N^F^tC, ^V^^— i5^^J^$tbfch^Vv^><.i5'T201*Dj;OT202 
, h9:/:;^;^i5'T203*Dj:OT204^Sga^§tV, ^^'^^^ ^>^n5/i^IV30-e{*. P-Ni^ 

OT304;?isgai^$ti. -r^^^— ^:7'n5/^iv4o-ef*. p-n^PbI^z:. ^^^^—^i^m^ 

tL/ch^:/v?>«.i?'T401:Jo J;OT402, h9^v?:^i5^T403*D J;OT404;e)Sia^$tl/TV ^ 
[0336] ^VX. h9^^i^:^^T101^Xmi02(Dm.(Dmtiy--}^^if)^VT^h/l^Fl.(D—m^^ 



wo 2005/094138 46 PCT/JP2004/015362 

[0337] ^fc. h9^v'>^i5^T103*5j;OTl04(DJte.<^t±i;^y— Kf*. h9>^v?>^i?^T201:^5j;U? 

Kl*^ h9^^i^;^^T301:JoJ;OT302(D|M.(Dm>Oy— Kt-S^^tt^ h7^>^><>i5'T30 
3*5j:U?T304(D|M.(Dt±i;^/— K(*x h^^i^>^i5'T401*5j;OT402(D^(Dt±l;tr/— K 

[0338] /^5o, h7>-v^^i5^T101, T102, T103joJ;OTl04f^{*, ^H^^fVj^^M^^^^ 
KDlOl, D102, D103:^oJ;t)^D104;e)S^^$tl/^ h9>'v?^i5'T201, T202, T 
203*3j;OT204J;i{i. ^tl.^tbJi^M^Jiciy-i'::^— KD201. D202. D203*3J;OT 
204^5^5^$ tV. h9^v'><>^T301. T302. T303:^5j;OT304f;if*. ^tl^ti^M. 
^iJii^V;^— KD301, D302, D303*5j;OT304;5S^^$tl.^ h^:/v?;^i5?T401, 
T402, T403*Dj;OT404(;ifi, ^tV^^tboi^M^IJiil^V:^— KD401, D402, D40 

[0339] m24\Z7jkirm)^^Umi^fcm^. mK.i-f. 4>'^<—^y^u^y^IV10—IV40<D^ri 

[0340] m24ic^irm^^Wimir^m^. 4^(D4i^^^—i^^ti^y^ivio—iv4o^mmi^ 

:t:7m'Mir^(DXUf£<. ^mm^^^^. :tym'Mirrbl-£. m25{c^irX9\c 

[0341] irtj:t>-h. m25K^\/^x. ov94>X'0i^f^M}±(Dm^^:^Tiy:fSTiU. 

[0342] r^-e. 4>^<—i^:f^^yi^^:t:y^mi^ir^t\^ ^^Umi^. 4:y^<—i^:fviy^ivio 
<j;OTi03^:^^jytlg^i-§aij#p-efe§o 
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[0343] ^/c. 4>^<—^y'viry^^:t:7:\^mi^ir^t\ ^5$!J^f*. 4:y^<—i^y^^^y^lV10^ 
[0345] |l|25lc:*5V OV^-f :/J;«93^|5g^ff(Z)]^V >><>^5/>^ST3f*, ^^-^^^ i?'^^' 

fj:^x^mmir^^txm^^t7i)^x^^o 

[0346] *fc. |l|25l;i*5V ^T. OV^-l':/J;«94^Pg«JE(DiftV >;^^^^>^ST4?i. 

vi^yi!7JVlO—IV40^^X:t>^mtfS:^X^mmir^^tXm'^^t^^X'^^o 
[0347] /^:Jo, |l|25^^:ioV^-C^$tb§0V^^^i:f9^gV^;^7"5/^^#^fc^^^^^^. ^-TV/^ 

o 

[0348] irf^^ii,^ ^(DM^. 4>'^<—^y^ti^y^^:t>'J(kWJ^ir^t\^^^mmU. 

::^^TlO2idXXf^TlO3^:t>^mtir^m'0X^^o 
[0349] *fc. 4l^^<—^y^^^yi^^:ty^mK'r^t\ ^^mmit. 4>^^—^^viy^W10^ 

xfTio4^:ty^mt'r^mi^xh^o 

[0351] <i3-3. ^##:^^-ecDm;^ti^t^ov^T> 
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[0352] IGBTm^^mm&'^mm^'itfc^^^ ONm^X^ht^V^. ^(D:^^y^>^^m. 

[0353] :^4^y^>ifmK^^'r^m^<Dmmi^. :t^^m<D:^^y^^^^m^ (Eon) . :tym 

4y^—}'^mi^(7)]}^-^<Vm^ (Erec) (D3-D^^nK.htl^o 
[0355] m26\Z7jkir4l^^<—^f<Z.io\,^XU. P-NBm\^. ^mm(D^^y^i^^C07!)^^^W^ 

x\^^^o t^^. ^(Dmmit.mm^tixm\^hti^o 

[0356] |l|27(c:f*, m26K^ir4>^<—^^mtl'r^^^^<Dm)^^MVW:ioXXflE^ 

tL-^'tLGl. G2. G3:JoJ;t/G4i:b-C^b. *fc. ^^-f^y^l^i^f^^V^^X^ }f(Dm 

[0357] irf^^ib. h^^i^>^^T2;55:^:7bTh^^^v?;7'^i5?TldS:^^i-6^-l'5>^i5^-e{*. h^^ 

^^:t—}'^D2X(DV^^<m^ (Erec) ^/JiS^^f^o 
[0358] h7>'i:^^i5''T4^S:^:7bTh9:/i:^;^^T3^S:^>"r^^^5:>'i5^-e(*. h^^'i:^;^ 

[0359] *fc. h9:/v^:^i57Tl;05:^:7L-Ch9^v^:^^T2;5S:^>--r§i$'-f^^i^^-e{i. h^^v?:^ 
^T2(D:t>m<D::^4^y^>^m^iEon) h'^>i^:^^Tim:^yir^^ti^X^^4 
KDl t?(Dy;^^^ytS^(Erec) ^^a^i^f^i-^o 

[0360] ^fc. b^>^v?;7?>^T3;55:^-:7UTh^>'i^v<^i57T4:d5:^^i-Si5^^5:>^i5^-e{*. h^>'>^;7?L 
^T3(D:^:7B#(D^-r5/^^^^t|^ (Eoff) ^S^^-T^o 
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[0361] |l|27i^^$tL§J;5t^. Mtll^^i-i. h^^'v^^iJ'Tl— T4*Dj;U?i?'V:^— KDl— D 
^it. ^^4:t—'FUl^^XlD2WJ:fy^<Vm^ (Erec) ^^tt^o 

[0362] t^§oT. h9^v?;^^i:i5'V;^-K^'eiia(Difi^#:^5/:7°^«^i-^^#x./c#^. 

[0363] ^/c. #^^iC^tL§m^fe(-J;or{i. h^^^v^J^iJ^TSir^V:^— KD3i:(D|M.;9^-e 

[0364] ^tb^iett^fci?) --^mm^tK. ^'^mw-m^(Dmm^<^-^^^^'m^x 

[0365] <i3-4. '^mw-m^x^(D'mtsm^^^mit^m\mijm> 
< 13-4-1. mU'^^(^Mi(^M> 

[0366] |l|28^c:^-r#'^^^^^^?l^^*^ Il|27fe:^b/c^— h^?l^Gl— G4J^*dV>T. IMM 
ri:t3:y-h»^Gl^G443 j;tJ^. y-h^0G2i:G3^^AtLmx.fc^?f^i:/.eo-CV ^ 

[0367] i-^^^^p-^. ^-vrnMoiii-i.^ ^-vmMGi^^^tx^^ ^-vmMGAibnnm^ 
^ifit\^.^—vm^Gitnmm::t\z.^—vm^GA}ixfimf^^x.o\z.mm.^fhx 
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[0368] <5^-b^S?l^G13}*. ^-h^&MG3^m^tU ^-h^&^G4iinmm:^tK 

^tu^-hm^G3i)nmm:i^tK^-hmn^G2tAthmi^^x^im)i^^tix\^^ 

[0369] m28K^ir^—hUMGll^Gl4^^mir^^tX\ hy:yi^:^i^T37!)^yt'^VXh 
Eon) h'7>'i^^^T3^^:^yir:5^t{^X^^4:^—Vr>3X(DU^^^})m^ (Erec) t 

^T4(D:tym(D::^4-y^>^m^ (Eofi!) pO^^^-T^o 
[0371] h^^v^;^i57Tl/5S;^:7b-Ch^^v?;^i5^T2;aS::t-^i-§i5^^^^i^^'e{*. h^^v?;^ 

[0372] ^fc. h^>'i^;:^^T3;aS:e-:7bTh^:/-^;^^T4;eiS:^>'i-^^-f5:>'i^-e(*. h^^i^v^ 
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